Rhizomnium magnifolium and R. pseudopunctatum show an identical flavonoid pattern with six flavone glucuronides.
Introduction
Koponen and Nilsson [1] reported remarkable dif ferences in the patterns of phenolic compounds of socalled species pairs (according to Lowry [2] ) of Plagiomnium and Rhizomnium detected by means of two dimensional thin-layer chromatography (2 D-TLC). Recently we started the isolation and struc ture determination of flavonoids in Mniaceae species, including where possible, the local and sea sonal variation of these compounds in distinct species (eg. Plagiomnium affine [3] ). We describe here the identification of flavonoid glycosides from Rhizo mnium magnifolium and R. pseudopunctatum. Kopo nen and Nilsson [1] have previously detected, but not identified flavonoid compounds in extracts of both species. 
Results and Discussion
Rhizomnium magnifolium and R. pseudopunc tatum gave identical flavonoid patterns. Six flavonoid glycosides were isolated and at least partly identified (Table I ). All glycosides are flavone glucuronides with glucuronic acid as the only detectable sugar moiety. This was identified by cochromatography with a standard sample and clearly distinguished by TLC from similar sugars, e.g. galacturonic acid. After strong acid hydrolysis in each case glucuronolactone was additionally observed as ex pected [4] .
Compounds 2 and 3
Chromatographic and UV-visible data revealed both compounds to be flavone 7-O-glycosides. After acid and enzymic hydrolysis the aglycones luteolin (ex 2) and chrysoeriol (ex 3) were detected and iden tified by UV-and mass-spectrometry (compound 3; Table II and Experimental) and by cochromatogra phy with authentic samples. The structural identity of both glycosides was further established by cochro matography with authentic samples [20] in various TLC-systems and by HPLC. Glycosides 2 and 3 are thus identified as luteolin-and chrysoeriol 7-O-ß-monoglucuronides, respectively. presence of free 5-and 4'-and substituted 7-and 3'-OH-groups in the glycoside (Table II) [5] . Mild acid hydrolysis produced a monoglycoside identical with an authentic sample of luteolin 7-O-monoglucuronide. Compound 4 was identified as luteolin 7,3'-di O-glucuronide by cochromatography with an authen tic sample from Marchantia macropora [21] .
The aglycone of this glycoside resulting from acid and enzymic hydrolysis was different from any of the common flavones. On TLC no change in fluores cence was observed with NH3 and in the UV-spectrum a decrease in band (Bd)I-intensity was ob served after addition of NaOMe, both indicating the presence of a substituted 4'-hydroxylgroup [4, 5] . The mass spectrum of the underivatized aglycone showed a molecular ion at m/z = 330 and RDA-fragments consistent with two OH-groups on ring A and one OH-and two OMe-groups on ring B. Partial methylation of the glycoside with CH2N2 and subse quent acid hydrolysis gave an aglycone identical with tricetin 3',4',5'-trimethylether. Thus the structure of the original aglycone is tricetin 3',4'-dimethylether (= apometzgerin) and compound 1 is its 7-O-glycoside. For structure confirmation 'H-und 13C-NMR spectra of the glycoside were recorded. In both spectra the signals for the two OMe-groups appear as separated singlets, in the ^-spectrum at 6 = 3.75 and 3.89 ppm respectively and in the 13C-spectrum at 6 = 56.3 (C3'-OMe) and 0 = 60.2 ppm (C4'-OMe). The chemical shifts of the OCH3-groups in both spectra are in accordance with those recorded recent ly for apometzgerin 6,8-di-C-arabinoside from the liverwort Apometzgeria pubescens (unpublished re sults) and differ from those observed for tricin-derivatives in which they appear as singlets at 3.88 ppm ('H) and 56.7 ppm (13C) respectively. The other sig nals in the 'H-spectrum of glycoside 1 are in general accordance with those reported earlier for apometz gerin [6] .
Thus compound 1 is defined as tricetin 3',4'-dimethylether-7-O-ß-monoglucuronide (-apometzgerin 7-O-monoglucuronide). Apometzgerin was first found as the aglycone moiety in two flavone di-Cglycosides from the liverwort Apometzgeria pubes cens [7] and has since been isolated as an aglycone from Poa huecu [6] .
The present finding is the first report of an apometzgerin O-glycoside as a natural compound.
Compounds 5 and 6
These glycosides are minor flavonoids in both in vestigated Rhizomnium species and were isolated only in traces. Acid hydrolysis yielded two agly cones, the chromatographic and UV data for which were similar but still different from luteolin (Ta ble II). Cochromatography with authentic samples proved the identity of aglycone of 5 with selgin (trice tin 3'-methylether) and aglycone of 6 with tricetin. After mild acid hydrolysis of compound 5 a monogly coside was isolated which still moved in H20 on TLC and gave glucuronic acid and selgin after acid hydro lysis. Glycoside 5 lacks the B-ring ortho-dihydroxy group (NA and Benedicts reagent fluorescence) which is evident in its aglycone and in the above monoglycoside and since it does possess a free 4'-hydroxyl group (NH3 and NA-fluorescence) is assigned the structure selgin 7,5'-di-0-glucuronide.
Chromatographic colour tests with glycoside 6 (Table II) indicate the presence of both an ortho-di hydroxy group and a free 4'-hydroxyl. The free 4'-hydroxyl is also supported by the NaOMe induced shift of Bdl in the UV-spectrum, and the stability of the compound in NaOMe suggests in addition that one of the B-ring hydroxyls is substituted. No band III is evident on addition of NaOMe indicating that the 7-hydroxyl is substituted [8] . As with compound 5, the mild acid hydrolysis produced a monogly coside the mobility of which in H20 (R{ 0.26) is indi cative of a monoglucuronide. On these limited data compound 6 is considered to be tricetin 7,3'-di-0-glucuronide.
Both glycosides 5 and 6 are new compounds. This is the first report of the aglycone selgin from a moss species and the second report of this aglycone in any bryophyte, after it being previously first isolated as a di-C-glycoside from the liverwort Plagiochila asplenioides [9] . As an aglycone it has also been iso lated by Voirin and Jay [10, 11] from Huperzia selago. Tricetin has been found in various liverworts mostly as di-C-glycosides [12] or rarely in mono-Cglycosides [13, 14] , This is the first report of an Oglycosylated tricetin from any bryophyte.
The chromatograms of three samples of R. magnifolium from Switzerland (2) and Finland (1) were compared and proved to be essentially identical. Thus a rather stable and consistent flavonoid pattern of this species is indicated. Unfortunately so far only one sample of R. pseudopunctatum was available and so no comment on the stability of its flavonoid pat tern is yet possible. Sporophytes of this sample showed a totally different flavonoid pattern as com pared to the corresponding gametophytes. Only two very weak flavonoid -like spots were detected on 2D-TLCs of alcoholic extracts from immature sporophytes. Further investigations of different de-velopmental stages of sporophytes could be as inter esting as those of sporophytes of Bryum capillare [15] .
A chromatographic analysis of a third Rhizomnium species, R. punctatum, revealed no flavonoids but a variety of other unidentified phenolics. This finding is in accord with those of Koponen and Nils son [1] and indicates that even morphologically simi lar Rhizomnium species may show strikingly diffe rent gametophytic phenolic patterns.
Experimental

Plant material
The samples used for isolation of flavonoids were: 
Extraction and isolation
Air-dried gametophytes of R. magnifolium (19. 53 g) and R. pseudopunctatum (9.21 g) were re peatedly extracted by 80% aqu.EtOH after preex traction with CHC13 for removing the chlorophyll and lipids. The plant material was finally extracted with 80% and 50% MeOH. The alcoholic extracts con taining mainly the same compounds, were combined, concentrated and preseparated by CC (Sephadex LH-20, Pharmacia, Upsala, with 70% aqu.MeOH and Cellulose, microcrystalline for CC, Merck, Darmstadt, with BEW = BuOH-2 -HOAc -H20 , 70:5:25). Further separation and purification of compounds was achieved by repeated PC with 15% and 40% HOAc. Final purification of each com pound was achieved by CC, Sephadex LH-20, with 80% aqu.MeOH, followed by crystallization from M e0H/H20 mixtures (in case of compounds [1] [2] [3] [4] The sugar moiety was identified by cochroma tography (TLC) with an authentic sample of glu curonic acid on cellulose (Microcrystalline for TLC, Merck), using C5H5N-EtOAc-HOAc-H20 = 3 6 -3 6 -7 -2 1 .
